Introduction
The Riemann zeta function was originally expressed by the following series:
... which converges and defines a function analytic in the region {s in C: Re(s) > 1}. Since the series diverges in the other region {s in C: Re(s) ≤ 1}, (1) is no longer valid. Riemann realized that the zeta function can be redefined using an analytic continuation and he extended it in a unique way to a meromorphic zeta function (s) defined for all complex numbers s except s = 1, where the zeta function has a singularity.
Riemann has established [1] that the zeta function satisfies the functional equation
where Γ(s) is the gamma function, which is an equality of meromorphic functions valid on the entire complex plane. Owing to the properties of the sine function, the functional equation implies that ζ(s) has simple zeroes at negative even integers, which are known as the trivial zeros of ζ(s). In addition to these trivial zeros, the extended zeta function has many nontrivial zeros in the strip {s ∈C: 0 < Re(s) < 1}, which is called the critical strip. The non-trivial zeros are more important because their distribution not only is far less understood, but their studies have yielded important results concerning prime numbers and related objects in number theory. [2, 3] When Riemann calculated a few nontrivial zeros, it appeared that all had R [s] = ½. Thus he hypothesized that all nontrivial zeros of the zeta function have real part R [s] = ½, which is confirmed to be true for the first 10 12 roots. [4] In the theory of the Riemann zeta function, the set {s∈C: Re(s) = 1/2} is called the critical line.
An equivalent relationship had been conjectured by Euler over a hundred years earlier, in 1749, for the Dirichlet eta function (also known as the alternating zeta function), [4, 5] 
Thus, ζ(s) is connected with the Dirichlet series which is convergent in the larger half-plane σ > 0 up to an elementary factor. Riemann also found [1] a symmetric version of the functional equation, given by first defining
and then the functional equation is given by
In the past one hundred and fifty years, the large majority of research around the distribution of the nontrivial zeros of the zeta function was focused on a few directions: [6] (1) Finding the nontrivial zeros on the critical line and determining the percentage of the nontrivial zeros on the critical line over the total number of nontrivial zeros. For example, in 1914, Hardy proved that the Riemann zeta function has infinitely many zeros on the critical line. However, the percentage of those zeros over all the nontrivial zeros was approaching zero, though this percentage has been improved to 40% in a recent effort by Conrey; (2) Determining the density of zeros on intervals of the critical line, for example, the work by Selberg and recently Karatsuba. (3) Exhibition of the Riemann zeta function. In addition to the Dirichlet eta functions, the Riemann zeta function may also be expressed in terms of Laurent series, a globally convergent series. Besides, a rapidly converging series suitable for high precision numerical calculations has recently been shown by Borwein. (4) Searching for an equivalent form of the Riemann Hypothesis and looking for solutions to that equivalent. (5) Searching for a nontrivial zero that is not on the critical line. This relies on the use of super computers and efficient algorithm, yet no nontrivial zero is found to be off the critical line.
All these efforts have made great progress both in the development of new mathematical tools and new insights into the zeta functions. However, at present, the Riemann Hypothesis still remains to be proven. Since the Riemann Hypothesis asserts that all nontrivial zeros are on the critical line, it is equivalent to the statement that R [s] = ½ is a necessary condition for the zeta function to have nontrivial zeros.
The Necessary Condition
Taking the absolute value for both sides of the symmetric reflection functional equation, [1] (6) where s =  + ib, one obtains
Since both the  exponential and the gamma functions have no zero, it is obvious that both Thus, all nontrivial zeros will be bound to the  values that satisfy eq
which, according to equation (7), is true if and only if equation (9) is true.
Hence equation (9) is a sufficient and necessary condition for equation  to hold. Thus, the  values satisfying equation (9) are also necessary for the existence of the nontrivial zeros of the Riemann zeta function. For the sake of discussion convenience, s is replaced with ( + ib) and equation (9) is rewritten as:
The complex gamma function defined in the Weierstrass form is: [4] e e n z n z n z z z
The absolute value of the gamma function can thus be obtained according to equation (12) 
Thus, equations (14) and (15) 
After a term rearrangement of (10), it is obvious that the left hand side of (14) equals to that of (15). 
For  > 0, every term in (17) is well defined for any given b except 
Thus, neither  < ½ nor  > ½ will satisfy (17), and no nontrivial zeros will occur for either  < ½ or  > ½. Hence  = ½ is the sole numeric solution for (17) We have shown that  = ½ is the only numeric solution that satisfies the requirement.
